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ABSTRACT	
STARKMAN,	ADAM	 The Effects of Early Confidence Interval Training on User Efficacy in a 
P300 Brain-Computer Interface Spelling Task. Department of Neuroscience, June 2016. 
 














































































































































































































Table	2	 Session	1	 Session	2	 Session	3	 Session	4	
Subject	CI1	 	    
Total	percentage	of	selections	FN	 20%	 0%	 14%	 5%	
Total	percentage	of	selections	TN	 40%	 0%	 38%	 63%	
Total	percentage	of	selections	FP	 19%	 9%	 11%	 18%	
Total	percentage	of	selections	TP	 21%	 91%	 37%	 14%	
Total	Selections	 80	 35	 63	 56	
Number	of	blank	selections	 48	 0	 33	 38	
Percentage	of	selections	blank	 60%	 0%	 52%	 68%	
Percentage	of	blank	selections	TN	 67%	 N/A	 73%	 92%	
Percentage	of	blank	selections	FN	 33%	 N/A	 27%	 8%	
	     
Subject	CI2	 	    
Total	percentage	of	selections	FN	 11%	 0%	 3%	 7%	
Total	percentage	of	selections	TN	 64%	 0%	 6%	 16%	
Total	percentage	of	selections	FP	 18%	 29%	 24%	 42%	
Total	percentage	of	selections	TP	 7%	 71%	 67%	 36%	
Total	Selections	 101	 35	 33	 45	
Number	of	blank	selections	 76	 0	 3	 10	
Percentage	of	selections	blank	 75%	 0%	 9%	 22%	
Percentage	of	blank	selections	TN	 86%	 N/A	 66%	 70%	













































Subject	CG1 Subject	CG2 Subject	CI1 Subject	CI2
Online	Accuracy	by	Session



























Table	3	 Online	Accuracy	 Offline	Accuracy	 Accuracy	above	CI	
Threshold		
CG1	 85%	 94%	 N/A	
CG2	 29%	 38%	 N/A	
CI1	 76%	 65%	 66%	

















Session	1 Session	2 Session	3 Session	4
Offline	Accuracy	by	Session
Subject	CG1 Subject	CG2 Subject	CI1 Subject	CI2
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Discussion	
	
	 The	primary	question	of	the	current	study	was	whether	use	of	a	confidence	interval	
improves	performance	for	novice	P300	BCI	users.	Specifically,	the	use	of	the	confidence	interval	
during	initial	BCI	use	was	tested	to	determine	if	there	would	be	a	reduction	in	the	percentage	of	
false	negatives	and	false	positives	and	an	increase	in	the	percentage	of	true	positives	and	true	
negatives.	The	results	do	not	support	these	expected	trends.	Furthermore,	at	the	same	CI	
threshold,	and	with	training,	the	number	of	total	selections	per	run	should	decrease	across	the	
four	sessions;	this	was	also	not	the	case.		
	 Looking	at	just	the	rejected	selections	in	isolation	however	(those	selections	with	
negative	designations),	indicates	if	the	CI	threshold	value	was	effective.	By	evaluating	if	the	
majority	of	rejected	selections	would	have	been	accurate	or	not	(would	have	been	TP	or	FP)	
indicates	if	the	specific	CI	threshold	value	was	effective	in	doing	its	job.	Out	of	just	the	blank	
selections,	or	those	below	threshold,	the	increase	in	TN’s	across	each	session	for	CI1	indicates	
that	the	CI	was	in	fact	operating	at	an	effective	value.	This	shows	that	each	session	the	
percentage	of	rejected	selections	was	increasingly	selections	that	should	have	been	rejected,	
confirming	an	effective	CI.	This	was	not	the	case	for	CI2	however,	who	experienced	a	
fluctuation	(and	somewhat	decrease)	in	selections	that	were	correctly	rejected	(TN’s).	Perhaps	
the	CI	threshold	could	have	been	raised	in	order	to	reduce	the	number	of	incorrectly	rejected	
selections,	although	that	may	significantly	increase	the	total	number	of	selections.	It	is	also	
important	to	recognize	that	although	the	trend	is	unclear	for	CI2,	on	each	of	the	4	sessions	over	
60%	the	rejected	selections	were	appropriately	rejected.	While	not	necessarily	reducing	the	
total	amount	of	incorrect	selections,	those	that	were	rejected	were	rejected	appropriately	for	
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CI1.	This	indicates	that	perhaps	there	is	a	learning	period,	and	CI2	may	have	benefited	if	further	
training	sessions	were	provided.	
	 The	average	online	and	offline	accuracy,	compared	to	evaluating	accuracy	from	
individual	sessions,	reflects	how	the	CI	influences	accuracy	over	a	longer	period	of	time,	relative	
to	the	control	group.	While	the	experimental	group	did	have	an	overall	higher	average	accuracy	
than	the	control	group,	suggesting	the	confidence	interval	feature	increases	accuracy,	the	
results	are	only	from	two	participants	with	a	larger	variance	in	this	performance	measure	(good	
performance	for	CG1	and	much	poorer	performance	for	Subject	CG2).	Similarly,	the	results	for	
the	control	group	were	equally	variable,	consisting	of	one	participant	who	performed	very	well	
and	one	participant	who	struggled	with	the	system,	therefore	producing	mediocre	average	
accuracies.	Because	of	this	drastic	difference	in	performance	between	the	two	control	and	CI	
participants,	along	with	an	insufficient	number	of	participants,	it	is	hard	to	draw	strong	
conclusions	from	this	study.		
Alternatively,	the	measure	of	change	in	online	accuracy	from	session	1	to	session	4	
demonstrates	if	there	was	a	learning	curve	to	be	accounted	for,	and	how	experience	affects	
accuracy	for	both	CI	and	non-CI	users.	Dissecting	the	apparent	trends	in	results	across	groups,	
CI1	and	CG1	both	experienced	an	increase,	decrease,	then	increase	in	online	accuracy	across	
the	sessions	while	CI2	and	CG2	performed	with	opposite	trends.	Additionally,	CI1	and	CG1	
achieved	a	net	gain	in	accuracy	while	CI2	and	CG2	experienced	a	net	decrease.	Therefore,	
based	on	this	data,	there	is	no	conclusion	as	to	which	group	learns	more	quickly.	There	is	a	
caveat	however,	as	it	is	important	to	recognize	results	on	any	given	day	can	be	influenced	by	
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motivation,	fatigue,	and	background	noise	in	the	lab;	a	poor	performance	on	session	4	could	
result	from	various	external	factors.		
The	third	measure	of	accuracy,	which	measured	the	participant’s	accuracy	while	above	
CI	threshold	tests	if	the	CI	would	be	successful	in	elevating	accuracies	in	application.	Because	
the	user	only	sees	what	is	printed	online	(in	real	time),	and	when	above	CI	threshold,	this	value	
indicates	the	perceived	success	of	the	CI	to	the	user.	Both	participants	achieved	levels	that	
seemed	to	be	well	above	chance,	however	still	low	enough	to	be	insufficient	for	day	to	day	
communication.	Furthermore,	these	newly	calculated	accuracies	were	lower	than	the	
participant’s	online	accuracies.	This	suggests	that	the	CI	was	more	accurate	in	rejecting	
incorrect	responses	than	printing	correct	responses.	In	other	words,	it	was	more	likely	that	a	
character	under	threshold	was	properly	rejected	than	a	letter	that	was	above	threshold	being	
accurate.			
	 Some	limitations	of	the	present	study	may	explain	the	somewhat	inconclusive	results.	
As	noted	above,	on	any	given	day	it	is	possible	a	participant	had	an	off	day,	and	with	only	four	
sessions	this	could	drastically	impact	the	performance	statistics.	Additionally,	not	every	
participant	made	an	equal	number	of	selections,	as	this	depended	on	the	confidence	value	
achieved	each	run.	Experimental	group	participants	often	made	a	greater	number	of	selections	
than	the	control	group,	contributing	to	fatigue,	frustration,	distraction,	and	perhaps	a	loss	of	
motivation.	
	 Future	studies	should	continue	to	test	the	potential	benefits	of	a	confidence	threshold,	
or	a	way	to	limit	the	number	of	mistakes	made	by	users	of	the	P300-BCI.	A	larger	subject	pool	
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as	well	as	a	greater	number	of	sessions	could	provide	better	insight	into	the	mechanisms	of	
P300	training.		
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